
Aquarius Radar Cal / Val and Results 
4th SMAP Cal/Val Workshop 

Pasadena, CA 
Nov 5-7, 2013 

Fore, A., Yueh, S., Tang, W., Hayashi, A., 
Neumann, G., Freedman, A., and Chaubell, J. 

Jet Propulsion Laboratory, California 
Institute of Technology. 

© 2013. California Institute of Technology. Government sponsorship acknowledged. 



Outline of Talk 

ÅRadiometric calibration used for Aquarius 
ïRelative calibration to PALSAR over ocean and land 
ïTracking of long term calibration stability over ocean 

ÅFaraday rotation estimation and correction: 
ïScatterometer Faraday rotation correction 
ïEstimation of the antenna pattern correction (APC) 

from the data itself 
ïImproved radiometer Faraday rotation estimates 

ÅWind retrieval algorithms and performance: 
ïScatterometer-only winds 
ïCombined Active Passive (CAP) winds 



Plots of PALSAR HH GMF (black square)  
and our Aquarius HH GMF (red o) 

Beam 1 2 3 

Mean Ratio [dB] 0.58 0.04 -0.66 

Ocean Comparison 
Aquarius HH / PALSAR HH 

Table computing wind speed PDF weighted mean 
ratio of Aquarius GMF divided by PALSAR GMF 



!ƳŀȊƻƴ ʴ0 

Åt![{!w ŦƻǳƴŘ ʴ0 values in the Amazon 
stable across 20-45 degrees in incidence 
angle* 
ïWet-dry seasonal difference of ~ 0.27 dB** 

ïWet season is approx. Nov-April 

Å Best estimates are: 

ï HH ~ -6.28 dB (std 0.18) 

ï HV ~ -11.15 dB (std 0.21) 

g 0 =
s 0

cos q inc( )

*M. Shimada, O. Isoguchi, T. Tadono, and K. Isono. Palsar radiometric and geometric 
calibration. Geoscience and Remote Sensing, IEEE Transactions on, 47(12):3915 ς
3932, dec. 2009  (Images from this source) 
** M. Shimada. Long-term stability of l-band normalized radar cross section of 
amazon rainforest using the jers-1 sar. Canadian Journal of Remote Sensing, 
31(1):132ς137, 2005. 
RAP correction is range antenna pattern correction 
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Fig. 7. Gamma-naughtandsigma-naughtversusincidenceangle,plottedfor (left) STRIPmodeand(right) SCANSAR data.Both datasetswerecollectedfrom
theAmazonrainforest.

Fig. 8. Close-upof theHH and HV data,correctedfor theRAP.

TABLE IV
HISTORY OF CF (IN DECIBELS)

TABLE V
TIME OFFSETS IN SEVERAL MODES

Crosstalk was measuredby using the four CRs deployed

at Rio Branco test sites and the distributed target there

(Fig. 13 and Table VIII). The crosstalkdependson the mea-

sures,i.e., measure1 gives ī33.8 (5.6) dB, measure2 for

HV gives ī33.35 (4.9) dB, and measure2 for VH gives

ī28.17(3.53) dB, wherethe value in parenthesesis the stan-

darddeviation.

V. IMAGE QUALITY

A. ResolutionEvaluation

Therepresentative 2-D andtwo 1-D IRFsshown in Figs.14

and15aresimilar to theideal.Fig. 16showstheresponsesfrom

the CR andPARC deployed at the Watarasecalibrationsite in

Japan.

B. Sidelobes

TheaveragePSLRareī16.6dB in azimuthandī12.6dB in

range,the latter of which is similar to the rectangular-window

case.The azimuthvalue exceedsthe rangevalue becausethe

AAP is not compensatedfor in the image-generationphase.

Theresolutionsin bothdirectionsareequivalentto thoseof the

theoreticalrectangularwindow case.

C. NESZ

NESZ representsthe maximumradarsensitivity and is de-

ýnedastheminimumsigma-naughtduringthe20sof PALSAR

data.NESZ is found in the dataover Greenland[Fig. 17(a)]

with ī25 dB for FBS343HH.Wind-slick regions in Hawaii

provided a NESZ of ī29 dB for FBS343HH,ī32 dB for

FBD343HH, andī34 dB for FBD343HV. The former is ob-

tainedat the Greenlandice sheetand is 2 dB better than the

speciýcation.The latter is 11 dB betterthan the speciýcation.

Most of thecurrentspaceborneSARshaveaNESZofī23dB,

andit hasbeenconýrmedthatPALSAR hastheminimumvalue

amongthem.Thereasonfor HV exceedingHH is thatHH uses

a larger ATT than HV.

D. Ambiguity

PALSARôs shorter antenna requires a higher PRF and re-

ducesthe AA relative to JERS-1SAR. Thus,AA is not often

seen. However, RA sometimesappearsat the image edge

becausethe neighboring pulse return received through the

antennasidelobecauseslinelike noisedue to improper range

curvature.ThemeasuredRA of this line noiseis 23dB, but the

speciýcationis 16 dB (TableVI). FutureSARsshouldimprove

on thesevalues.
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Does not have 
RAP correction 

Has RAP correction 



Amazon bias estimation compared to PALSAR 
PALSAR values: HH: -6.28 dB; HV: -11.15 dB  

Asc / Dec Beam 1 Beam 2 Beam 3 

All HH -0.04 -0.04 0.02 

Ascending HH -0.02 -0.05 -0.03 

Descending HH -0.07 -0.03 0.10 

All VV -0.09 -0.02 0.01 

Ascending VV -0.07 -0.04 0.00 

Descending VV -0.11 0.00 0.03 

All HV 0.01 0.11 0.05 

Ascending HV 0.03 0.09 0.01 

Descending HV -0.02 0.13 0.10 

No significant ascending / descending difference 



Computation of Scatterometer Stability 

ÅWe compare the observed TOA HH and VV NRCS 
to the expected HH / VV NRCS 

ïRequire no RFI detected 

ïRequire latitude within +/- 50 

ïRequire NCEP to be within [3,15] m/s 

ïFilter out known anomalous revs 

ÅCompute the moving 28 day window average of: 

ïɲ 0̀ Ґ όˋ0
obs ς ̀ 0

gmfύκˋ0
gmf, in natural units 

ïtƭƻǘ ɲˋ0 in dB 







Faraday Rotation Correction 

Å For correction of scatterometer data: 

ï Use ancillary total electron content and magnetic field model of the Earth 

ï Use non-ƭƛƴŜŀǊ Ŏƻǎǘ ŦǳƴŎǘƛƻƴ ǘƻ ŦƛƴŘ ƻǇǘƛƳŀƭ CŀǊŀŘŀȅ Ǌƻǘŀǘƛƻƴ ŎƻǊǊŜŎǘŜŘ ˋ0, given 
the ƻōǎŜǊǾŜŘ ˋ0 and model Faraday rotation angle 

Å Aquarius also measures 3rd Stokes, enabling estimation of Faraday rotation for 
polarized regions 

ï Radiometer based estimates much better over oceans than land 

ï Faraday rotation estimate is sensitive to cross-pol isolation 
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Non-Linear Measurement Model: 
q F = 2.6 ´ 10- 13TECslantBl 2 cos c

Model Faraday Angle: 



Total Electron Content Scaled to 
Aquarius Altitude 











Derivation of Radiometer Antenna 
Pattern Correction (APC) 

ÅUse ancillary data and forward model of the Aquarius 
observations 
ïAncillary TEC scale factor from E. Dinnat improves model 

Faraday rotation angle 
ïUse ancillary up-welling, down-welling, galactic, solar, lunar, etc. 

contribution to Ta contained in Aquarius L2 files 
ïWe obtain an estimate of the Ta only due to Earth contribution, 

which is related to the T at top-of-ionosphere by the APC matrix 

ÅPerform a least-squares fit to determine the APC matrix 
from the data itself 
ïWe then use this APC matrix to correct the data 
ïWe derive a new Faraday rotation estimate from the radiometer 

assuming all residual 3rd Stokes after APC correction is due to 
Faraday rotation (Yueh 2001) 



TEC Scale Factors and Value 
ÅTEC Scale factors provided by E. Dinnat, and were from 

NeQuick model 
ÅWe do not use this model in the operational processing 

because it is a monthly climatology, and has discontinuities 
at monthly boundaries 



APC Matrix Fitting 

Å All of following are vectors in I,Q,U basis 

ï TA,meas = rad_Tf{H,V,3} 

ï TA,space = rad_galact_Ta_dir_{H,V,3}+rad_solar_Ta_dir_{H,V,3} 

ï TA,ref = 
rad_galact_Ta_ref_{H,V,3}+rad_solar_Ta_ref_{H,V,3}+rad_moon_Ta_ref_{H
,V,3}+rad_solar_Ta_bak_{H,V,3} 

Å F(̒ m) is Faraday rotation operator for model Faraday rotation angle. 
Model is based on VTEC product and E. 5ƛƴƴŀǘΩǎ TEC scale factor 
maps. 

Å F-1όʻl2) is inverse of Faraday rotation operator for L2 Faraday 
rotation angle 

Å TBE,toa is model TOA brightness temperature (vector in I,Q,U basis) 
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Least-Squares Problem: (Ax=b) 
Set of  N  Equations for 
each row of APC: 

Where: 







L-Band Ocean Model Function 

Å Aquarius beam 2 has incidence angle of 38.5°, most similar to SMAP 
Å/ƘŀƴƎŜ ƛƴ ǎƛƎƴ ƻŦ !н ƴŜŀǊ у ƳκǎΥ /ŀǳǎŜǎ ˋ0 to be non-monotonic in 

speed for cross-wind 
Å Very large directional modulation for higher wind speeds: cross-wind 

0̀ have low sensitivity to wind speed 


